Abstract
Introduction
Nowadays, optimization has attracted many researchers and engineers. An optimization process is supposed to lead to the best design fulfilling the existing limitations of the utilized code. In this regard, some factors consisting of the number of design variables, size of the search space and design controller constraints are amongst the barriers against achieving a minimum weight or cost design in an affordable computational time. This has led the researchers to develop different algorithms for optimal design of structures. There are two general categories of approaches for optimal design of structures. In the first category, optimization is performed based on mathematical programming methods. For the second category, optimization is based on random intelligent approaches taking advantages of probability theory as well as natural events. During the last decades, metaheuristic methods are considerably improved. These methods are mostly inspired by natural events. They search the total design space point by point and have the ability to work on every design space with every constraint, without limitations regarding the type of design variables. These properties have led the metaheuristic algorithms to be recognized as valuable tools to solve the optimization problems. The main idea of metaheuristic methods was first introduced by Fogle in 1966 through evolutionary strategy algorithm [1] . In 1975, Holland proposed Genetic algorithm-based optimization according to the structure of genes and chromosomes. The theory was developed by his students and Goldberg (1989) who proposed the present Genetic algorithm [2] . In 1983, Kirkpatrick presented an optimization method so-called simulated annealing which was based on the Metropolis computational algorithm according to gradual cooling theory [3] . Afterwards, in 1986 Glover proposed the tabu search optimization method [4] . Optimization method based on ant colonies was introduced by Dorigo [5] . In 1995, Eberhart and Kennedy [6] developed PSO method, inspired by birds and fish colony. Geem and et al. [7] suggested harmony search method according to musical process of searching for a perfect state of harmony. Then in 2006, Erol developed big bangbig crunch approach [8] . Two years later, gravitational search method based on physics laws exposed to discussion by Rashedi [9] . In 2012, Kaveh and Talatahari [10] introduced the charged system search method based on physics laws and Newtonian mechanics. Finally, optimization method based on the behavior of ray passing through different layers of a media was presented by Kaveh and Khayatazad [11] . Some of the most recent metaheuristics can be found in a book by Kaveh [12] .
In order to discuss and evaluate the advantages of the proposed methods, researchers tried to prove the efficiency through different benchmark examples so that a virtual competition has been recognized among the different metaheuristic algorithms for optimization of the structures. Being confident about the resulting response in an acceptable time has been the main criterion for this competition which led to different algorithms of different capabilities to optimize different structures. However, most of metaheuristic algorithms are faced with different inhibitors such as lack of information about values of the parameters, the probability of being trapped in a local optimum in the problems containing a large search space. This has led other researchers to offer suggestions to improve metaheuristic algorithms in order to obtain appropriate response in an acceptable time [12] [13] [14] . Some other researchers also tried to alleviate the disadvantages through incorporating different metaheuristic methods and derive benefits of the resulting hybrid algorithms [15] [16] [17] . In this regard, however, problems such as incorporating different metaeuristics and number of combinations, incorporating approaches, proposed methods for improving, etc. are among the most important factors to achieve the best results in optimal design of structures.
In the present paper, an attempt is made to employ several metaheuristic algorithms simultaneously through introducing MMSM in order to overcome some problems. In the MMSM, the initial population is divided into several small subsets called islands. Then a method based on each metaheuristic algorithm is allocated to each island, and the process is executed on each island. After several repetitions, using a migration process, the best designs from each island move among the islands and replace the low quality designs. According to the determined values of migration interval, this trend is continued until a predefined number of repetitions is completed [18] [19] [20] . In this way, dependency of the results on the relationships, parameters and the approach of each metaheuristic algorithm is considerably reduced. On the other hand, due to the parallel search in the design space this method has the ability of utilizing a parallel computing system. This capability can further increase the speed of the optimization and can lead to much better results in the design space. It is worth noting that for selecting suitable metaheuristic for each island, conventional metaheuristic algorithms are selected. Any other set of metaheuristic can be used in an MMSM approach. The presented recommendations try to increase the efficiency of each selected algorithm. In the present study two variants of MMSM denoted by MMSM 1 and MMSM 2 are employed for optimal design of steel towers. Since the search spaces of these structures are large, they are suitable candidates for evaluating the proposed algorithm. The results indicate good improvements in the optimal design of the studied examples.
The formulation of optmization process
The formulation of structural optimization can be expressed as follows:
Minimize
Subject to
In Eq. (1) the cross section design variables are defined in the form of a vector [A] as follows:
Parameters in Eqs. (1) to (4) are defined as follows:
Materials density of each member.
Length of each member.
Cross-section of the ith member.
Ne:
Number of structure's members.
S :
List of the available profiles for design variables. Nos: Number of cross-sectional areas in each design.
Stress in the jth element of the structure. σ all : Allowable compressive or tensile stress values.
Nodal displacement of the kth degrees of freedom. ∆ max k : Allowable displacement of the kth degrees of freedom. Ndof: Number of degrees of freedom of the active nodes.
Constraint C1:
In structures like steel towers, the stresses due to the composition of load cases, should be in the allowable limits for all the members. This permissible amount is determined by codes [21] [22] [23] . Consequently, in the optimization process, the stress in each member is calculated and the value of constraint violation is determined according to the following:
In this equation, the quantity of the constraint violation of the members is summed when the number of loading combinations is more than 1 and is equal to nlc. Constraint C2: Performing structural analysis and calculating the stress values, if the displacements of the active nodes in every design is within the allowable range, then no penalty Period. Polytech. Civil Eng.
is assigned to the design. Otherwise, the constraint violation is determined as follows:
(6) In these equations, the constraint violations of the nodal displacements are summed when the number of load combinations is nlc.
Proposed optimization methods
Meta-heuristic algorithms are intelligent random search methods which search the design space by different points (different design). The logic of these algorithms is such that various enhanced designs are obtained during the optimization process. However, high number of parameters in some meta-heuristics and the lack of information about the suitable values of these parameters may cause trapping in local optimum. That is, finding suitable magnitudes for the parameters in each meta-heuristic method is one of the main difficulties of the metaheuristics. Many researchers have tried to improve metaheuristics by suggesting different solutions for this problem and also tried to decrease the impact of parameters of tuning of the algorithms [12] [13] [14] [15] [16] [17] .
In this paper, Multi Metaheuristic based Search Method (MMSM) is employed for optimal design of steel towers and power transmission towers. Reducing the effect of parameters of meta-heuristic algorithms and increasing the domain of search are two special features of this method. According to this method, initial population is divided to several islands. Each island has its own optimization method with distinct structure based on the associated meta-heuristic algorithm. This arrangement of action leads to variation in answers [18] [19] [20] . Here the proposed MMSM method is performed in two variants of MMSM 1 and MMSM 2, as shown in Fig. 1 .
In MMSM 1 the initial populations are divided to 5 subpopulations, and improved metaheuristics comprising of GA, CSS, ACO, HS and PSO with different parameter values are utilized separately on the selected subpopulations. Each of these subpopulation are taken as an island. A number of the best designs (migration number) of each island are selected after a number of iteration and moved alternately to the islands. This process is shown in Fig. 1(a) . In the process of migration the following two parameters play important roles:
Migration interval which is the same as the number of iterations in each migration.
Migration rate that is the number of selected designs (in the form of percentage) to migrate from each island to the other island in migration intervals.
In the process of migration each subpopulations have a random destination which becomes known in each period of migration. A migration sends some of the best designs of a subpopulation to another island which has different context and structure. After completion of the process of migration, the migrated members together with the remaining members of that island form a new population and the optimization is further performed for obtaining better designs. Die to the migration process, in the MMSM 1the results have diverse properties. This is because of the properties of each island and all the incorporated metaheuristics play active role. In other words optimization is performed by simultaneous use of different metaheuristics and the method attempts to increase the quality o f the results by providing enhanced members. Fig. 2 show the optimization process based on the MMSM 1.
Similar to MMSM 1, in MMSM 2 the initial populations are divided to 5 subpopulations, and improved metaheuristics comprising of GA, CSS, ACO, HS and PSO with different parameter values are separately utilized for each island. Then the best island is selected based on the smallest mean value of the sum of the objective function (Eq. (1)) and penalty function (Eq. (3))
Then the best designs of the islands are migrated to the best island. Ultimately the optimization process is performed on the best island based on the corresponding metaheuristic until the termination criterion is fulfilled. In MMSM 2 migration interval and migration rate can be defined as follows:
Migration interval is the number of iterations performed before the migration process starts.
Migration rate is the number of members selected for migration (in the form of percentage) for migration to the best island.
In MMSM 2, each problem is optimized with different metheuristic algorithms and the search space is explored, until all good designs are collected in the best island and from then on the optimization is carried out by the metaheuristic of the best island. Migration interval in this method is more than MMSM 1. Fig. 3 illustrates the optimization process based on this method.
In problems like steel power transmission towers where the size of the search space leads to substantial effect of each metaheuristic method in the optimization process, using MMSM, the design space is explored more effectively and thus better results are obtained. Stable state of MMSM methods results in the tendency of the optimization algorithm to find global optimum.
Island (1)
In this article, optimization of island (1) is performed based on the Genetic Algorithm (GA). This optimization process is performed in the following steps [2, 18] :
First, an initial population is randomly formed with binary characters. Then, the value of the objective function and the constraint violations are determined. In this article, the proposed penalty function with dynamic features is used which has a good compatibility with the algorithms of the MMSM.
In this equations, g iq (A) is the characteristic of the constraint violation, and C g is the representative of the sum of all violations that has occurred by the structure in order to resist all the load combinations of the nlc. K is the constant of dynamic penalty, k j is a constant quantity of each migration range for total number of nk, and j is the counter of each migration interval. Afterwards, the merit of each design is computed based on the objective function and the proposed penalty function [24] .
Then, the best designs are selected using a replication process that is inspired by natural development rules. In this island, tournament method [18] is used for the selection process. Once the selection process is completed, the crossover operator is applied in order to produce a population of offsprings. For this purpose, uniform crossover is used with small changes [18] . Therefore, parent's strings are selected based on the crossover rate. Then, a string which is called mask, is randomly produced. This string consists of binary bits as length of each string. In the next step, a uniform random number is produced for each bit and is compared to the amounts resulted from Eq. (9). Offspring's bits is selected based on the mask pattern if the random number become more than the amount obtained by Eq. (9) . That is, if the amount of the bit in the mask is equal to one, the bit of the first offspring will be from the first parent, otherwise, it is selected from the second parent. Although, while the randomly produced number is less than the amount obtained from Eq. (8), the bit of the offspring's strings are selected from more meritorious parent.
Where P C2 is the secondary rate of crossover in each generation for each bit, P Max C2 and P Min C2 are respectively the maximum and the minimum rate of the secondary crossover in the optimization process (based on the input of the user), t is the number of current generation, and T is the total number of generations. In this article, a method is proposed which is used dynamically to apply the mutation operator. Thus, first the total number of making generations is divided into a number of bits of each substring in design variable and several intervals are formed. Then, the common operator of the mutation is applied to all the bits in each substring. After performing this process in the first interval, the first bit at the left-side of each substring becomes stabilized, and the rate of the mutation probability for it will be equal to zero, and the optimization process will be continued till the end of the second interval of the total number of making generations.
Afterwards, the mutation rate of the two bits at the left-side becomes zero and this process is continued until the last bit in the substring. It should be mentioned that the rate of the mutation probability for the residual bits in each interval is performed utilizing the following equation [18] :
In which P m is the mutation rate in each interval, P Max m and P Min m are, respectively, the maximum and minimum amount of mutation rate in optimization process (based on the input of the user), t is the number of present interval and T is the number of all intervals.
Island (2)
In island (2), the Harmony Search (HS) algorithm is used [7, 24, 25] . According to this algorithm, in the process of optimization each musician substitute with design variable and collection of musician make the vector of design variable. Quality of music is substituted by the value of the object function. Optimization process for this algorithm is performed as follows:
First, HS parameters such as HMCR, PAR, HMS , etc. are initialized. Then, the initial population (HM) based on HMS (number of population members in island (2)) is randomly formed as a matrix.
In MMSM for the current island in spite of general process of HS [25] , initial population with no constraint violation is not required and fitness of each design is specified on the basis of constraint violation and objective function. In order to compute the amount of fitness for each design, the proposed penalty function is used according to Eq. (8) .
Optimization process is continued for HM by producing a new member based on the HS rules. Vectors of the new design variables X = [x 1 ,x 2 , . . . , x N ] are made by three possible variants of HS rules and HMCR and PAR parameters. Accordingly, each amount of x 1 can be randomly produced again, or can be determined by the existing corresponding amounts in HM. This step is performed by producing a uniform random number between zero and one, and comparing it with the amount of HMCR. If the random number is more than HMCR, x i is determined randomly and based on variable range, otherwise, the amount of x i is settled by HM. Determination of x i in HM is by PAR parameter. Therefore, a uniform random number between zero and one is produced and by comparing it with the value of PAR, x i is defined. If the random number is less than PAR, x i will be selected from the existing corresponding value of the HM. Otherwise,x i is determined based on the value of the bw and from neighborhood of corresponding values withx i Period. Polytech. Civil Eng.
at HM. Finally, if the vector of design variable is better than worst vector in HM, then the new vector will replace the worst vector. Otherwise, HM remains unaltered.
This article suggests that PAR and bw parameters should change based on the amount of migration of the interval as follow:
Where, the indices max and min refer to the maximum and minimum values of the related parameter. j and nk are the number of migration interval and total number of migration interval in the optimization process, respectively. Migration interval, based on the amount of PAR and bw parameters, has different values that ascends for PAR and exponentially descends for bw during the entire process of the optimization. Varying these parameters has valuable influence on the optimization process.
Island (3)
The Charged System Search (CSS) method is used to perform optimization process [10] . In the CSS method, optimization process is performed based on the charged particles laws and Newton laws of motion. Thus, each vector of design variables is considered as a charged particle which possesses electric field as a result of electric charge. Each particle is affected by the electric field of the other particles and proportional to the amount of electric force of other particles and Newton laws of motion, the particle moves in design space to a new position. The optimization process is performed as follows [26] :
First, similar to other meta-heuristic methods the initial population is randomly produced and other parameters of the CSS method such as the number of particles, number of selected particles of CMS and so on are initialized. Then, the fitness of each particle is computed according to value of the object function and the proposed penalty function in Eq. (7). The magnitude of the charge of each particle (q s ) and motion probability of particle of s affected by the force of the rth particle, P rs , is obtained by the following equation:
f it best and f it worst are fitnesses of the best and the worst existing design in current population, respectively. A small population which consists of the bests of the existing population is called CMS is produced after computing the p rs and q s . Then, the resultant electrical force acting on a particle is computed using the following equation: Where a is the diameter of each particle, r rs is the distance between two particles r and s that is defined according to position of the particles X r and X s . New position of each particle in the design space is determined by the following equation:
r 1 and r 2 are uniform random numbers between zero and one. v s is also the velocity of the particle s, k a and k v are respectively, the velocity and acceleration coefficients which are computed to associate with MMSM as:
New position of each particle is assessed during the optimization process, providing the amount of exiting from the allowable range. Design variables are then modified based on the HS method and CMS population [26] .
Island (4)
Ant Colony Optimization (ACO) is used in island (4) [5] . This algorithm is executed by the following steps [24, 27] :
First, the amount of initial pheromone is specified. In order to calculating f it 0 , the first cross-section area in the profile list is initialized for design variables, and then the initial pheromone is determined according to following equation:
Then, the probability of selection is evaluated based on the following equation [27] :
Where, τ i j is the amount of existing pheromone in the ith path (state number i for the considered design variable) for the design variable number j, and N is the number of possible states for the considered design variable. v i is also calculated by Eq. (24) for each design variable.
A i refers to the selected cross-section area of the ith path. The amount of the variable number i is determined by p i j similar to the tournament method in GA. After determining the amount of all the design variables, the amount of the pheromone in the selected path is determined as follows:
Where ρ is the local update parameter to which a suitable value between zero and one is assigned.
Then, the amount of fitness is calculated and existing population designs are sorted [27] . Pheromone evaporation process for all the possible paths is done based on the following equation:
Where, e r is a constant referred to as the evaporation rate. After evaporation of pheromone, the process of depositing pheromone in the selected paths is executed as follow:
In the above equation, λ r is number of the best existing population and k is the number of considered design in small population of the bests. ∆τ i j k in Eq. (27) is calculated for ant number k by the following equation:
Island (5)
Particle Swarm Optimization (PSO) is used in island (5) [6, 24] . This algorithm is influenced by the social behaviour of the birds in searching food. The PSO algorithm begins by producing an initial random population. Particle number i (design) which introduces bird number i in the group of birds is defined by two variables
. X i is the position and V i is velocity of the particle number i in the search space. In each step of group movement (repeat), particle position is changed by two amounts of P best,i and R best . The position of each particle (design) is determined in the search space utilizing the following equations:
In the above equation, X k i is the position of the ith particle in the kth iteration, V k i is velocity of the ith particle in the kth iteration, ω is the inertia weight in the previous step, r 1 and r 2 are the uniform random numbers between zero and one, C 1 and C 2 are the acceleration constants. P k best,i is the best position of the particle i from first to iteration number k, R k best is the best position of a particle from the first to iteration number k among all the particles.
In this article, the amount of variable velocity of the particles is controlled by defining minimum and maximum velocity (v min , v max ). In this regard,v min and v max , based on the coefficient of maximum and minimum amount of x are defined. In order to be compatible with the MMSM, the parameter ω is changed based on the number of migration interval as:
ω max and ω min are the maximum and minimum value of ω, respectively. j and nk are the number and total number of migration interval in the optimization process, respectively. Therefore, the value of ω is linearly altered in each migration, with initial amount of ω max and final amount of ω min . This method in altering the ω resulting in a balance between the local and global search in the PSO algorithm.
Numerical examples
In order to evaluate the capability of MMSM algorithm, typical examples of the optimization of power transmission towers and steel towers, are considered and the results are compared to the results of other references. The results indicate that the MMSM explores the search space more accurately than the other existing methods and provides better results.
A 582-bar steel tower
A 582-bar steel tower with the height of 80 m, shown in Fig. 4 , is chosen from [15, 24] as the first example. According to the symmetry of the structure with respect to x-axis and y-axis, the structural members are categorized into 32 groups.
A single load case is considered consisting of lateral loads of 5 kN (1.12 kips) applied in both x-and y-directions and a vertical load of −30 kN (−6.74 kips) applied in the z-directions in all the nodes of the tower. A discrete set of 137 economical standard steel sections selected from W-shape profile list based on the area and radius of gyration properties is used to size the variables [15, 24] . The lower and the upper bounds on size variables are taken as 6.16 in 2 (39.74 cm 2 ) and 215 in 2 (1387.09 cm 2 ), respectively. The allowable tensile and compressive stresses are considered according to the provisions of ASD-AISC [23] and the allowable compressive stress is defined as follows:
When λ< C c :
and when λ ≥ C c :
Where E is the modulus of elasticity and F y is the yield stress of steel which are considered as 203893.6 MPa (29000 ksi) and 253.1 MPa (36 ksi), respectively. λ is the maximum slenderness Period. Polytech. Civil Eng. ratio and for the compressive members in x-and y-directions is calculated as follows:
Where l is the length of the member and r i is the radius of gyration of the section.
In Eq. (35), C c is the slenderness ratio dividing the elastic and inelastic buckling regions, which is calculated as follow:
The allowable tensile stress based on provisions of ASD-AISC [23] is estimated as follows:
The maximum slenderness ratio is limited to 200 for compression members, and it is recommended to be 300 for tension members according to ASD-AISC design code provision [23] . In addition, the displacements of all nodes are limited to 8 cm (3.15 in) in each direction.
Following the optimization process based on the MMSM, the trend is obtained as shown in Fig. 5 , where the diagram of average of 10 independence and consecutive performances of optimization process are plotted. It is evident that the graph of the best state and the average of consecutive performances are very close indicating the relative independence of the MMSM from the existing parameters in the algorithm of islands. In other words, based on MMSM, the effect of the parameters for every available method in islands is decreased. On the other hand, diagram proximity of the best performance and average of consecutive performances indicate the reliability of the MMSM in obtaining the optimum design. The comparison between MMSM and other references is summarized in Table 1 . As it can be seen, the resulting design based on MMSM is lighter than the other sources. Accordingly, MMSM explores the design space more accurately and regarding the weight, presents more lighter design in comparison to other references.
A 244-bar power transmission tower
In this example, the 244-bar power transmission tower, shown in Fig. 6, is investigated.   Fig. 6 . Schematic of a 244-bar power transmission tower Members of structure are categorized into 26 groups and the effective loads on the structure are considered for two conditions (Table 2) .
A discrete set for design process is listed in Table 3 . Values of the allowable tensile and compressive stresses are calculated using Eqs. (31), (32) and (35) based on ASD-AISC code [23] . In this example, E and F y are assumed to be 210 kN/mm 2 and 233.3 N/mm 2 , respectively [28] . The allowable tensile stress is taken as 140 N/mm 2 .
In this example, the maximum slenderness ratio is limited to 200 for compression members, and it is recommended to be limited to 300 for tension members [23] . In addition, the nodal displacement constraints for the 244-bar tower are defined in Period. Polytech. Civil Eng. Table 2 . Fig. 7 shows the convergence trend of the average consecutive runs and the best run based on the MMSM for the 244-bar power transmission tower. As demonstrated, average graph trend and the best performance graph are close to each other which shows constant and stable trend in optimization process of the MMSM in obtaining minimum and relative dependence of the proposed method to parameters in comparison to heuristic algorithm. On the other hand, proximity of the average graph and best performance graph indicate relative independence of MMSM from consecutive performances in obtaining acceptable response. Results of using MMSM are presented in Table 4 . As it can be seen, MMSM was also successful in exploring the design space and attaining more appropriate design regarding the weight. Search of the design space was more accurate and more comprehensive.
A 160-bar power transmission tower
In this example, the 160-bar power transmission tower shown in Fig. 8 is optimized. Nodal coordinates of the 160-bar power transmission tower are defined in Table 5 . Here, E and ρ for the structural members are considered as 2.047 x 10 6 kgf /cm 2 and 0.00785 kg/cm 3 , respectively. Members of the 160-bar power transmission tower are categorized into 38 groups and optimal design is performed using the sections list (Table 6 ) based on IS-808 angles [29] .
The allowable values of ±1500 kgf /cm 2 are employed for compressive and tensile stresses, and the buckling stress constraints for the compressive members, based on IS-808 code, are considered as follows [29, 30] : For kl/r ≤ 120 And if kl/r >120, then
wherel is length of the member, r is the radius of gyration andk is the effective length factor. For this steel tower, k is assumed to be 1.0 [29, 30] .
This steel tower is subjected to eight loading conditions as shown in Table 7 . Fig. 9 demonstrates the convergence trend graph for the average of 10 MMSM performances with the best optimization process for 160-bar power transmission tower.
Optimal design resulting from the MMSM and also the results from other references are presented in Table 8 . The resulting convergence trend graph and optimal design indicate acceptable suitable performance of the MMSM. 4.4 A 72-bar steel tower As the last example, the optimization of a 72-bar steel tower, shown in Fig. 10 , is considered.
For the present structure, E and ρ are considered as 10000 ksi (68947.6 MPa) and 0.1 lb/in 2 (2767.99 kg/m 3 ), respectively.
Stress range for the truss members and the maximum nodal displacement are limited to ±25 ksi (±172.369 MPa) and ±0.25 in (0.635 cm), respectively. Present tower members are categorized into 16 groups. Table 9 shows the applied loads to the structures in two different conditions. Available sections list is presented in Table 10 . Following the optimization process based on the MMSM for 72-bar steel tower, convergence trend is obtained as depicted in Fig. 11 . Similar to the previous examples, in this figure, the average of 10 independent and consecutive runs and the best results base on MMSM method are plotted. In this example, these two graphs are close to each other. Results from the optimal design based on MMSM in comparison to those of the other references are presented in Table 11 .
Conclusions
• By applying island distribution in the proposed MMSM algorithm, resulting responses show great diversity, and design space is explored to greater extent. The reason for this is associated with different metaheuristic algorithms allocated to the islands. Thus, design space is explored intelligently and the chance of being trapped in local optimum has decreased, while the possibility of obtaining overall optimum is increased.
• Using MMSM leads to the simultaneous use of several meta-heuristic methods, and thus all advantageous of metaheuristic algorithms are incorporated in the framework of one optimization algorithm.
• In meta-heuristic algorithms, due to the effect of parameters and governing relations on the results, subsequent executions are used in which the amount of parameters are changed to obtain better answers. Although, due to the relative parameter independence of the MMSM, this algorithm is free of subsequent executions for avoiding to be trapped in local optima. Therefore, MMSM moves to global optimum with a reliable rate, and the probability of getting trapped in local optimum is reduced.
• Since in the first variant of the proposed algorithm (MMSM 1), best members of each island are transferred to other islands during migration process, or in the second variant (MMSM 2) bests members are transferred to the selected island and substituted with the members of lower fitnesses, it is anticipated that the convergence speed and average growth rate of the population fitness to be enhanced.
